A NEW TECHNIQUE FOR MAKING
BRIGHT PROTON BUNCHES USING BARRIER RF SYSTEMS*

C. M. Bhat
Fermilab, Batavia, IL 60510, U.S.A.
(Presented at PAC2005)

Abstract above the transition energy of the synchrotrone Tirst

| describe here a very promising scheme for pragyci Step of the rf manipulation is to transfer the thew to
bright proton bunches for proton-antiproton andtgme four rectangular “Mini Barrier” buckets of same ioef as
proton colliders. The method is based on the afse that of the low intensity bunches so that the burertitres
wide-band barrier rf Systems_ First, | exp|ain Mmc|p|e match with the .bUCket antres. These mini-barnmkbts
of the method. The beam dynamics simulations agptie are populated in an anti-bucket (made up of tworgea
the Fermilab Main Injector (Ml) suggest that théeme Barriers” as shown in Fig. 1(a)). This transferdeet be
allows a wide range of bunch intensities and emis @ “matched transfer.” The high momentum particies
for ppbar collider. This method has the potential fitting into the barrier bucket will be drifting tthe left-
increase the instantaneous luminosity #30% at the Side or to right-side, as shown in Fig. 1(a), dejieg on

Tevatron. their energy relative to the synchronous energyiesé

particles are removed quickly from the region deiest
INTRODUCTION as they hit the anti-bucket.

Producing high intensity low emittance particle tles

at hadron colliders has been one of the major prosl Mini Barriers R

for many years. A technique for coalescing several ; (@)

intensity bunches into a high intensity bunch (gdino rf Eo { High Density

systems with frequency ratio equal to an odd inegas Large s Low LE beam

developed at Fermilab [1] and has been used oedlatt
two decades. A number of other accelerator specif
techniques and their operational capabilities halso
been studied [2, 3] elsewhere. Recently, the uderadd
band rf systems [4] at synchrotrons and their gakto
produce high intensity bunches for collider opematiave
been realized [5]. In this paper, | present a teshnique

[6] which uses a wide-band rf system to produce lov . .. Lo : (©)
emittance bright proton bunches. The method pteden > i :
here is first of its kind. o
................. gap
THE PRINCIPLE Tt

For particle beams in a synchrotron, the phaseespa +— R bucket

density of the particles is highest in the vicindf the / (d)

synchronous energy. This led to the idea thatffcient
way to produce a bright beam bunch is by seléelgtive RF wave
isolating the dense region of many bunches and ener

them together. Recently, | have developed a teckeni Figure 1: A schematic of barrier coalescing scheme

for  (AE,At)-phase space manipulation, calledproduce a bright bunch: a) four bunches in rectimgu
“longitudinal momentum mining” [7] for isolating dee barrier buckets embedded between two large barriers
region of particle beam in a storage ring. Thishodthas (anti-bucket), b) intermediate step: pulse heigtitaini-
been adopted in the Recycler [8] at Fermilab withhuckets are reduced and more particles in high
remarkable success. The new bunch coalescing tgedini momentum region relative to the synchronous pasticl
described here is a spin-off of the longitudinalmemtum  are removed, c) low LE beam bunch in barrier buelket
mining. d) bunch after rotation in a lower harmonic sindsbirf
The principle of the technique is schematicalljhucket; the rf wave is shown by dashed line.
illustrated in Fig. 1 for four low intensity bundbarrier
coalescing. | assume that the coalescing is cawmigtd  The second step is to establish final bunch arehef
bright beam by reducing adiabatically the pulseyhisi of
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The results of simulations for a train of nine bues,
each with about 0.15 eVs an#1®'%pb are shown in Fig.
2. The distribution of the particles in a bunctBaBeV is
assumed to be either Gaussian or parabolic. At&\ Be
53 MHz rf voltage is reduced adiabatically from O/
to 10 kV. Fig. 2(a) shows the final distributiofhe half

energy heightAE of such bunches is about 11.5 MeV.

the extreme mini-pulses t¥_ , and the rest of the

intermediate barrier pulse heights to zero ampditad
shown in Figs. 1(b) and 1(c). During this procesxe
high momentum particles are removed. The longitaidin
phase-space area (LE) of the final bunch is giwef®h
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_ 4T0 |/7|AEsma|| These bunches are transferred to nine mini-babriekets
Eamal = 352E ov_ ) + 2T BB (D) quickly. The pulse height, pulse width and buckesaof
0" Small each of the mini-buckets is chosen to be abouk¥,3.5
nsec and 0.22 eVs, respectively. The corresponiitiy
where half-energy spread, energy spread of the mini-barrier bucket is 8.6 MeV
Vrf (KV) (E-Eo) (MeV)
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The quantities7, T, and [ are the phase slip factor, the
revolution period and the ratio of the particleogiy to
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that of light, respectively.E, and T, are the 3 * g o

synchronous energy of the beam particles and théeba == o E

pulse width of the small barrier bucket, respedyiv@s E | /! ‘?>:

shown in Fig. 1c). eis the electron charge. u 2o 27 Gey S e
— . E 6
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In many applications one may have to accelerate tl
bunch further. An example of transferring the fibahch
to a sinusoidal bucket prior to further acceleratis
shown in Fig. 1(d).

One can think of numerous variations of the techaiq
described above. | have explained another methaodfin
6. One can choose one of the alternative metho
depending on their merits for a specific applicatio
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Figure 2: Simulated phase-space distribution farida
bucket coalescing scheme using ESME. For detadgtee
MULTI-PARTICLE BEAM DYNAMICS text.
SM ULAT_I ONS . The particles with momentum spread between 8.6 eV
To demonstrate the feasibility of the techniquealvén 115 MeV escape from the mini-bucket contours aad s
carried out beam dynamics simulations for the Matifting towards the large anti-barriers indicatiedFigs.

Injector (MI) machine parameters [10] using thep and 2c. The time required for a particle (witiergy
simulation code ESME [11] for proton beam. The Mhan

8-150 GeV proton and antiproton synchrotron andsisd

as a 150 GeV injector to the Tevatron. Ml has many

resonant and barrier rf systems. Nine to fifteenNi3z
bunches of proton beam are injected from the Faimil

deviationAE ) to drift a distance off ,, is

_ Tgap[?2 EO

Drift — |/7|AE ©)]

Booster to Ml at 8 GeV and are accelerated to 2Y the particles with energy deviatior8.6 MeV are

(slightly above the MI transition energy of 20.4@\3.
The LE of the proton bunches at injection are agslito
be in the range of 0.1-0.3 eVs. The barrier
manipulations are carried out at a constant enefgd7
GeV and the final bright bunch is transferred toNsdz
bucket and accelerated further before transfer he
Tevatron for proton-antiproton collider store. Tieoton
bunch intensity specification in the Tevatron atdV is
27x10" ppb with <2.5 eVs. In the present mode of collid
operation [12], a total of 36 proton bunches ajecied to
the Tevatron.

removed in about 0.57 sec.

In the next 3 seconds the barrier rf voltage toe
lftermediate mini-barrier buckets is turned offvdlp and
linearly while reducing the last small barriershmih sides
to about 400 V. The area of the barrier bucket efdbd

between large barriers, shown in Fig. 2(c), is akbhb

eVs. The simulation showed that about 87% of beam
particles can be captured in the small barrier buckhe

Hunch length is about 200 ns and half energy hefifhts

about 4.5 MeV. Such a bunch is ideal for 53 MHzteep
after a quarter synchrotron rotation in 2.5 MHzucket



as shown in Fig. 2(d). The captured bunch in 53 MHfects one might expect up to about >50% incréaslee
bucket at 27 GeV and the one accelerated to 150 &eV peak luminosity without any further increase in fbizar
shown in Figs. 2(e) and 2(f), respectively. LE (958 intensities.

150 GeV is found to be 1.6 eVs. If we begin witloath

5x10'° ppb at 8 GeV (LE~0.15 eVs/53 MHz bunch) the SUMMARY

final expected bunch intensity is about<29*° ppb which | explain a new scheme to produce low emittance

is about 44% larger than the design bunch interfsitthe high intensity bunches for hadron colliders whickes

collider operation. The total time required for ¢ GeV wide band barrier rf system. This is a very prongsi

barrier coalescing is about 4.5 sec. scheme and, can be adopted at proton- proton eobidd

proton-antiproton collider to improve the beam dyal

What happens to the escaped High Momentum and hence the luminosity. | have explained theegsn

beam particles? principle of the technique and detailed simulatiesults
For the scheme described above, about 13% of tfy one of many possibilities. It has a potental

beam particles are found to escape during barridfcreasing the peak-luminosity by at least 50% e t

coalescing at 27 GeV. They will come back onlyemft Fermilab Tevatron.

about 7 sec. During the coalescing, these partiates . ) .

found to be still drifting away from the mini-budkéfter | 'would like to thank Jim MacLachlan, Bill Foster,

the 53 MHz capture at 27 GeV, majority of theseipies Dave Wildman, Pus_hp_a Bhat, Dave Johnson, Valeri

are captured and get accelerated along with thetboh L€bedev and Viadimir  Shiltsev for many useful

interest. The rest of the beam particles, not ceptin the  discussions.

53 MHz bucket, are lost during acceleration to GsfV.

In any case, the region in the vicinity of the higtensity REFERENCES

bunch is cleared off of any beam patrticles.
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